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Medical  Division  Reijort  Mo.  105.  The  Oral  Toxicity  of  Hexsvaleot  Chrcwlua 


ABSTRACT 


OBJECT. 

The  object  of  this  investigation  was  to  datamine  the  effect  on  albino 
rats  of  the  oral  ingestion  of  water  containing  hexavalent  chromium.. 

RESULTS. 

1.  Water  consumption  in  all  three  test  groups  fell  off,  the  decrease 
being  progressively  greater  with  increasing  concentration  of  chromium ,  doe 
to  the  reduced  palatlbliity  of  the  water.  After  several  daya  on  the  chro¬ 
mium  contaminate  water,  all  three  groups  apparently  learned  to  tolerate 
the  water.  Their  water  consumption  th«i  continued  at  a  rate  somewhat  lower 
than  that  of  the  control  rats. 

2.  Ihe  rats  of  growth  of  Groups  11,  III,  and  IV,  after  being  cheeked 
for  two  or  three  days  following  the  first  feeding  of  chromium,  continued, 
with  deviations  probably  due  to  pneumonia,  to  parallel  the  growth  curve  ot 
the  control  group. 

3.  The  only  pathology  found  in  the  rats  was  the  occasional  presence 
of  pneumonia.  Ihls  finding  appeared  in  both  the  experimental  and  control 
animals.  Thezafore,  it  oan  not  be  said  that  potassium  dichromate  was  the 
causative  factor  in  the  production  of  pneumonia. 

COKCLDSIOWS. 

1.  The  test  animals  drank  concentrations  of  hexavalent  chromium  as 
high  as  200  rng.A*  as  potasslw  dichromate  equivalent  to  25  mg*  of  duranlum 
per  kllogrsm  of  body  wei|^t,  over  a  period  of  33  days,  wlt^t  ill  effeots 
definitely  attributable  to  the  chromium. 

The  presence  of  chromium  in  the  drinklBg  water  redmoed  the  water 
consumption  of  the  rats.  The  avarai^  oonsumption  ot  water  containing 
200  mg.  chromium  per  liter  was  ZJ%  leas  than  the  consumption  tap  water. 


Rone. 


The  docaant  kM  bwii  iipenvtd  fee  peMI> 

relMM  mmI  mI«;  ta  dtotritiatioa  b 


-  i  - 


Medical  Dlvlalon  Report  Mo.  105 «  The  Oral  Toxicity  of  He»valeat  Chronlw 
I*  INTRODPCTIOh. 

A.  Object. 

The  object  of  this  InTestlgatlcD  was  to  deteraine  the  effect  on 
albino  rats  of  the  oral  ingestion  of  water  contain!^  hexavalent  chrasdtm. 

B.  Authority. 

Authorised  by  the  Chief,  Chesdcal  Corps,  under  Project  D  8.3, 

Food  and  Water  Supplies  in  Chesdcal  Corps  Test  Prograa  Mo.  T3>  Cnl  C  Re¬ 
search  and  Development  Program  for  FI  1944-1945* 


II.  HISTORICAL. 

The  possibility  that  gas  mask  canisters  might  be  \ised  for  the  ssmt- 
gency  filtration  of  water  supplies  in  the  field  has  bew  SDIgosted  as 
creating  a  potential  health  menace  to  the  soldier.  This  is  si^ihaBlsed  bj 
the  fact  that  certain  of  Whetlerlte  type  gas  masJc  carbons,  used  in  the  newer 
type  canisters  are  capable  of  Imparting  hexavalent  ehronlflm  to  water  with 
yhloh  they  have  come  in  contact.  Braideoh,  (1)  f^terlag  water  throngh 
standard  type  an^y  gas  mask  canisters  (NIXA2»  NXAl)  fennd  conenntratiQns 
hexavalent  chroniusi  as  high  as  54  ppm.  Heaavalint  dtroidiia  eonoentrations 
as  high  as  100  pm,  in  water  filtei4d  throogh  similar  type  osnisters,  have 
been  reported  (2). 

Recognising  the  possibility  of  oanister  filtrates  containing  amoonts 
of  hexavalent  chromium  of  this  magnitude,  the  answer  to  the  question  of 
health  hasard  to  Individuals  lies  in  the  determination  of  the  oral  toad- 
oity  of  hexavalent  chromium,  water  purified  by  such  an  emergency  measure 
would  drunk  for  no  longer  than  seven  days.  The  oonoenttations  of  heoES- 
valent  diromium  and  the  period  of  the  test  were  chosen  to  give  an  i^preei- 
able  safety  factor. 

The  literature  furnished  very  little  help  on  this  question  of  the 
oral  toKioity  of  hesavalsnt  ohromium.  Veerly  all  of  tlM  weak  done  on 
ehromium  and  duroadw  ecevecnds  has  been  ocn^sed  of  investigations  of 
the  oorrosive  aotion  of  the  oeiycutMls  on  the  skia,  iatestioal  traot  or  on 
the  rm^iratoary  system  idien  iitfieded.  These  were  industrial  kniLme  father 
then  Orel  toadoity  inveetigstiome.  The  United  Staiee  FahUe  laalth 
Sarviee»  (3)  in  ita  1942  water  Steaderda  pandta  ao  heaavuiaat  oluMun  ia 
drhBklag  water.  A  review  of  the  literatare  diaoloeed  ao  rsgoifte  shioh 
would  eupport  the  toadoity  thue  in|^ed. 


Sober  SDd  Beyhuret  (4>  guote  Tdiwmnn  (5)  as  statiag  that  hia  fssdiag 
•aqperiMnti  m  animal s»  wikx  dotes  of  a*-5  at.  of  iMatavilsat  ahxmisii  as 
biduromate  psr  kUofram  of  body  weight  oontawsd  far  >46  mo»,  alod||Qid 
ao  vlsihls  effseis.  tikm— n  (S)  farther  states  ghat  ht  aluim  w  aa^^ 
weight  (70  kg*}  ttm  10-IQ  mg.  of  petessiam  (Untjrfgpti  (1  it  m  i»f  i|jniii) 
eppeer  to  be  tolemted  without  iafuxy  and  evil  l«g|Mr;deM0;lii«a 
for  therapeutie  effaeta  widi  good  re«tlts*  Wiitidii  ffl  dagaatflis  .a  naan 
dtere  e  doee  dT  24  gm.  of  potasaiai  dishfumate  talia  iataanittF  %  a  aim 


of  43  years  was  fatal  within  ten  days.  Rabbano  (7)  states  that  the  NLD  for 
sodlvun  dlchromate  lAen  injeetsd  Intrawsnouslj  Into  rabbits  Is  0.000066  aols 
per  kilogram  of  body  wel|^t}  and  that  potassim  dlchroute  Is  even  more 
toxic.  Kehoe,  Cbolak  and  Largont  (6)  In  a  oosiprahanslva  study  of  the  hy¬ 
gienic  significance  of  certain  trace  metals  in  drinking  water  have  classified 
chromium  as  a  ncn-nutritlve»  non- toxic  trace  elmnant. 

SoUman  (9)  states  that  the  chromates  end  chromic  acid  have  some  toxi¬ 
cologic  Importance  y  producing  a  characteristic  nephritis  and  glycosuria. 

The  fatal  dose  of  potassium  dlchromate  is  below  8  ga.  According  to 
Kappeler,  (10)  «dien  bichromates  are  given  by  the  mouthy  th^  are  reduced  to 
chromous  oxide  end  partly  deposited  as  such  in  numerous  organs  y  the  rest 
being  excreted  by  the  organs.  An  Italian  source  (11)  describes  an  experi¬ 
ment  tdtere  3  mg.  daily  of  hexavalent  chromium  per  kilogram  of  body  wel|^t 
were  Injected  subcutaneously  into  rabid. ts.  A  qualitative  detendnation  for 
trlvalent  chromium  In  the  urine  was  positive  throu^umt  the  period. 


P<alions  of  Up  water  contaialng  $0y  100  and  200  mg.  of 
hexavalent  chromium  per  liter  were  prepared  by  dissolving  respeetivaly  in 
6  1.  portions  of  Bdgewoed  tap  water  0.l$y  l.TOy  3*40  91.  of  potassium  di- 
chromate  crystals  (Baker's  c.p.  analysed). 


The  concentration  of  hexavalent  chromium  in  aadt  of  the 
three  solutions  to  be  fed  was  detendiied  by  method  of  Qraham  (12)  * 

These  oonoentratlcns  vmre  flecked  from  thae  to  ttma  while  tits  solaticns  were 
being  used. 


For^^-eight  healthy  yram  albitto  ratSy  24  male y  24  femnley 
with  wsiihba  rangi^  between  90  and’  60  91.  ««pe  ohesen  for  Hm  aqmrimnats. 
The  animals  ears  divided  into  4  groui^  of  12  mats  sash.  Btsh  froc^  i^ 
cludod  4  osgtOy  3  antmali  por  oogt.  Ustribsllcm  of  rat  llttars  as  bstsasa 
groups  mad  osgss  was  such  ss  to  inmiEra  astlanm  groag  smifesmliiy.  All  rats 
rooolvsd  s  normal  diat  threughoat  ths  asgcrlsamit. 


tmtar  ccntaioiBg  90#  100*  200  mg*  hiiaailiirit  shfamium  gsr 
Utsr  was  f sd  to  greupo  11#  III  aid  IT  rogpsetfvi^  amams  af  aiiiaiiit 
f aiding  Isvortad  eater  bottlaa.  this  aatir  mas  iwaliil3m  la  tM  ilia  at 
all  tiiMM  daring  tha  emgariamit.  Bottlaa  wart  al|t^t  raflUad 

at  loast  teiea  woslOy*  it  tha  bsgiiislag  af  tBa  iMliiiail  ill:  eaaa 

fsd  up  mut  for  six  dtya.  Oroap  X  smittania  mi  tag  mitaa  Mitiitiiimi  Hu 
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experiment.  Qroups  II,  III  and  IV  were  fed  chromium  containing  solution  for 
33  days.  Daily  water  consumption  was  detexsdned  for  each  cage  of  rats. 

Data  on  the  >mamt  of  water  consumed  by  each  group  and  the  arerage  water 
consumption  per  rat  for  each  group  hawe  been  summarized  In  Tabl&  I.  The 
latter  is  also  presented  graphicr.ly  in  Figure  I.  Each  of  the  experimental 
animals  was  wei^^ed  twice  weekly,  in  lable  II  is  shown  a  summary  of  the 
data  on  the  indlwldual  rat  weights  averaged  by  groups.  These  data  are 
I^otted  in  Figure  II  to  show  the  rate  of  ^owth  curve  t&e  each  of  tiie  four 
groups. 

4.  Pathology.* 

All  of  the  factors  in  the  experiment  were  the  same,  with  the 
exception  of  the  water  received. 

As  animals  died  in  the  coarse  of  the  esq^imant,  they  were 
autopsied  and  tissues  were  talun  for  mlorosoopic  study.  At  the  termination 
of  the  experimental  time  of  33  days,  the  livi^  animals  were  sacrificed  and 
autopsied.  Tissues  taken  for  mlcroseople  study  were  lungs,  spleen,  kidneys, 
adrenals,  liver,  intestines  and  bone  marrow. 

B.  Results. 

1.  Pathology. 

a. 

One  animal  died  on  the  sixth  day,  showing  pneumonia 
aooo^mnled  by  on  abscess. 

One.  animal  died  on  the  eleventh  day  with  pneumonia. 

Of  the  ten  remaining  onlmsls,  all  of  idiloh  were  aaorl- 
flced,  two  riiowwd  moderate  amounts  of  pneomonia,  and  eight  animals  showed 
no  pathology. 

b. 

Of  the  eleven  animals  eammlned  in  this  groi^,  nine  were 
essentially  nocmal,  one  had  a  moderate  amaent  of  pnenmonia,  and  one  had 
pnouMnia  with  abaeess  formation. 

e*  9tmis.ias.M\Aih 

Haven  animals  were  liielmdid  in  this  grooip*  One  animal 
died  on  the  nineteenth  dsy  wllh  aavere  pneomamla.  Of  tte  tan  animal e  aa- 
erifieed,  one  had  a  mederata  amoont  of  pnleiwinli  and  tha  rniitniin  mlna 
ware  eemmitlany  meemal. 


•  He  petheaegliH  etniiea  wecm  made  ty  9^  m/m  n,  Otnaler  of  the 
pathology  MMm,  Wedleal  Hvieien. 


d.  Group  I  (Uncontainlnated  wattr). 

Three  of  the  eleven  animals  examined  in  this  group  showed 
varTing  amounts  of  pneumonia  while  eight  were  essentiallj  normal. 

2.  The  amount  of  water  consumed  by  each  group  with  the  average 
consumption  per  rat  is  shown  in  Table  I.  Fig.  1  presents  this  graphically. 
The  Indlvidu^  rat  weights  averaged  by  groups  a.e  shown  in  Table  II.  Fig. 
II  shows  the  rate  of  growth  curve  for  each  group  of  rats  during  the  course 
of  the  experiment. 

IV.  DISCPSSKM. 

It  was  noted  that  Groups  II)  III  and  IV  reacted  iimedlately  to  the 
first  feeding  of  chromium  contamlziated  water: 

1.  Water  consumption  in  all  three  groiq;>3  fell  off.  The  per  cent 
decrease  was  progressively  greater  with  increasi^  concentrations  of  ehro> 
mlum)  due  to  the  reduced  palatabillty  of  the  higher  concentrations. 

2.  The  rate  of  growth  for  the  two-day  period  immediately  fol¬ 
lowing  the  first  feeding  of  chromium  was  definitely  less  than  the  rate  for 
the  six-day  period  preceding. 


After  several  days  on  the  chromium  contaminated  water,  all  three 
groups  apparently  leaxned  to  tolerate  the  water.  Their  water  oonsimqptlon 
then  continued  at  a  rate  someidiat  lower  than  that  of  the  control  rats.  The 
mean  dally  water  Intake  per  rat,  averaged  by  groups,  over  the  thirty-rthree 
day  period  west 


Group  I  1 
Group  II  I 
Group  III: 
Group  IV  I 


18.5. gm.  containing  no  ohromlum. 

15*7  gm.  containing  50  mg.  hexavalmt  obromiun  per  liter 
14>5  gm.  containing  100  mg.  hexavalent  ohromion  per  liter 
13.4  gn.  containing  200  mg.  hexavalent  ehrostium  per  liter 


These  dally  water  consumption  values  repressnted  a  daily  ohremiliai 
Intake  equal  tot 


Group  I  I 
Group  II  I 
Group  nil 
Group  IV  I 


no  ohromlum 

7.2  mg.  hexavalent  chromium  per  kilogm  body  wml|ht 
13.1  sg.  hexavalent  -ohromiiai  per  kilognue  body  walght 
25.0  mg.  hexavalent  ohromlum  per  kilogram  body  wmigbt 


The  rates  of  growth  of  Groups  II,  III  sad  IT,  afUr  bilag  ahartid  for 
2-3  days  immediately  following  the  first  feediag  of  tha  dbraidmeR,  eamtimad, 
with  daviatlons  probably  duo  to  poamonia,  to  panllal  lha  grewlii  oarwa  of 
the  oontrol  group.  Tha  par  cent  gain  In  wal|^t  for  tika  taai  partod  of  33 
days,  averaged  ^  groopa  waat 


droop  I 

64jl 

droop  II 

71X 

Grodp  III 

6S% 

QroiV  IT 

(til 
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Ibe  fact  that  numerous  rats,  including  some  in  each  group,  contracted 
and  suffered  from  pneumonia  in  varying  degrees  of  severity  must  be  noted. 
The  effect  of  these  cases  on  both  the  water  consumption  and  the  rate  of 
growth  of  all  groups  is  obvious.  So  attempt  has  been  made  either  to  evalu¬ 
ate  or  to  compensate  for  this  factor.  The  rate  of  growth  in  rats  drinking 
the  chromium  solutions  did  not  differ  significantly  when  compared  statisti¬ 
cally  with  the  rata  of  growth  of  the  control  auLnals. 

ibe  only  pathology  found  in  these  animals  was  Uxa  occasional  presmce 
of  pneumonia,  ibis  finding  appeared  in  both  the  eoqparimental  and  control 
animals.  Therefore,  it  can  not  be  said  that  potassium  dichromate  was  the 
causative  factor  in  the  production  of  the  pneumonia. 

From  this  study  It  appears  that  rats  are  not  harmed  by  the  adminis¬ 
tration  of  potassium  dlchromate  under  the  conditions  of  this  ezperlmant. 

V.  COCMSIOHS. 


1.  The  test  animals  drank  concentrations  of  haxavalent  chromium  as 
hi^  as  200  mg,/l,,  as  potassium  dlchromate  equivalent  to  25  mg.  of  chromium 
per  kilogram  of  bo^  weight,  over  a  period  of  33  ^ieys,  without  ill  effects 
definitely  attributable  to  the  chromium. 

2.  The  presence  of  ehromlun  in  the  drinking  water  reduced  the  water 
consMptlon  of  the  rats.  The  average  eonsuiqttlon  of  water  containing 

200  mg.  ohromlum  per  liter  was  27;|K  less  than  the  oonsuaqptlon  of  tap  water. 
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TABLE  I 


StWMARI  OF  DAILY  WATER  CnSOMPTIOH. 


Tine  Control  Hazavalent  Chronlum 


_ 100  «.A. _ aoit.A. 


Daja 

GROUP  I 

GROUP  II 

GROUP  III 

_ QBOOP  17 _ 

Total 

At. 

Total 

At. 

Tota 

At. 

Tota 

At. 

0n« 

0>. 

m. 

JPM. 

JOi. 

««.  _ 

1 

163 

13.5 

U7 

12.2 

154 

12.9 

159 

13.2 

2 

la 

13..4 

166 

13.9 

m 

U.3 

164 

13.7 

3 

175 

14.6 

181 

15.1 

174 

U.5 

175 

U.6 

4 

183 

15.3 

180 

15.0 

188 

15.6 

177 

U.8 

5 

175 

14.6 

189 

15.7 

191 

15.9 

183 

15.2 

6 

172 

U.4 

162 

13.5 

143 

U.9 

104 

8.6 

7 

197 

16.4 

169 

u.o 

155 

12.9 

115 

9.6 

8 

193 

16.1 

163 

13.6 

166 

13.8 

127 

10.6 

9 

212 

17.6 

158 

13.2 

la 

U.2 

uo 

11.7 

10 

219 

18.2 

185 

15.4 

193 

16.0 

162 

13.5 

11 

as 

17.9 

161 

13.4 

162 

13.5 

155 

12.9 

12 

205 

17.1 

163  (1) 

14.8 

175 

U.6 

150 

12.5 

13 

224 

18.6 

172 

15.6 

in 

U.2 

160 

13.4 

U 

211 

17.6 

165 

15.0 
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15 
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16 
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17 
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17.4 

176 
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U.2 

18 
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169 
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191 
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172 

U.3 

19 

a6 

18.0 

1.66 

16.6 

179 

U.9 
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13.9 

20 

a6 
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152 
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179 
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la 

13.4 

a 
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18.5 
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22 

a2 

17.7 

151 
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165 

13.8 

150 
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24 

451 

18.8 

320 
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364 

15.2 

305 

12.7 

26 

482 

20.1 

340 

17.0 

363 

15.1 

302  (3) 

15.0 

28 

456 

19.0 

3a 

17.5 

349 

U.5 

3U  (4) 

15.7 

29 

ao 

17.5 

158 

15.8 

165 

13.7 

lU 

U.4 

31 

496 

20.7 

320 

16.0 

333 

13.9 

282 

U.l 

33 

513 

a. 4 

352 

17.6 

324 

13.5 

310 

15.5 

35 

494 

20.6 

356 

17.8 

374 

15.6 

288 

U.4 

36 

261 
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188 
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201 

16.8 

153 
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38 
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352 
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TABLE  II 
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Tima 

Control 

HawTalont  (Sur«sluB 

50  aa.A. 

_ 100  M 

A. 

200  ns.A. 

Days 

GBODP  I 

SIH30P  11 

OSOfEP  m 

GROUP  IV 

Total 

At. 

Total 

At. 

Total 

At. 

Total 

At. 

sm. 

APR. 

0R. 

JOS* 

ca. 

n* 

.  *«.. 

AS. 

0 

782 

65 

688 

69 

795 

66 

687 

69 

3 

891 

74 

770 

77 

894 

75 

781 

78 

5 

960 

80 

836 

84 

990 

83 

846 

85 

7 

1010 

84 

671 

87 

1023 

85 

839 

84 

10 

U03 

92 

930 

93 

mo 

93 

900 

90 

12 

1190 

96 

962 

96 

1165 

97 

945 

95 

U 

1188 

99 

989 

99 

1216 

101 

982 

98 

17 

1255 

105 

1039 

104 

1274 

106 

1032 

103 

19 

129^ 

108 

1083 

108 

1326 

m 

1082 

108 

22 

1355 

113 

1123 

112 

1391 

116 

1142 

U4 

24 

409 

117 

1151 

115 

1422 

119 

1151 

115 

26 

U64 

122 

1187 

119 

U58 

122 

U89 

120  • 

28 

1502 

12; 

1215 

122 

124 

1234 

123 

31 

1584 

132 

1270 

127 

U98 

125 

1271 

127 

33 

1624 

135 

1315 

132 

1515 

126 

13U 

131 

35 

1695 

U1 

1355 

136 

1571 

131 

1326 

133 

38 

1768 

U7 

1436 

144 

1638 

137 

ui 
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TIm  ~  Days 
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-  80  copies  -  Medical  Dlvifllcsi  Report  No.  105. 

Copy  1  -  Surgeon  General,  Army 

Copy  2  -  SGO,  Chairman,  Army  Medical  Research  and  Development  Board 
Copy  2  -  Surgeon  General,  Navy 

Copy  4  -  Surgeon  General,  Navy,  Bureau  of  Medicine  and  Surgery.  ATTN? 

Capt.  T.  L.  Wllljnon 

Copies  5-6  -  Director,  Research  &  Development,  WDGS,  The  Pentagcn, 
Washington,  D.  C. 

Copies  7-11  -  Librarian,  Joint  Research  &  Development  Board,  WDGS, 
Washington,  D.  C. 

Copies  12-13  -  Ofrlce  of  the  Chief,  Chemical  Corps,  Washington  25,  D.  C. 

ATJH:  Chief,  Intelllgffiice  Branch  and  Major  Willis  L.  Banks 
Copy  14  -  Troop  Planning  and  Intelligence  Dlv. ,  OC-Cml  C,  Washington,  D.  C. 
Copy  15  -  Dr.  Ray  Trelchler,  Office  QMG,  Washington,  D.  C. 

Copy  16  -  Air  Chemical  Officer,  Kq.,  AAF,  Washington,  D.  C. 

Copy  17  -  Hqs.,  AAF,  Washington  25,  C.  C.  ATIHi  The  Air  Surgeon,  Med.  Res. 
Dlv. 

Copies  18-20  -  Rationed  Research  Council,  Washington,  D.  C.  ATTNi  Chem.- 
Blol.  Coordination  Center 

Copy  21  -  Assistant  Commandant,  Army  Medical  School,  Washington,  D.  C. 

Copy  22  -  Director,  Navel  Research  Laboratory,  Anacostla  Station,  Washington 

D.  C. 

Copy  23  -  Medical  Science  Branch,  Planning  Division,  Office  of  Naval  Re¬ 
search,  Washington,  D.  C,. 

Copies  24-31  -  British  Coamonwealth  Scientific  Office  (Copies  24-26  for 

C.D.Ai&ison,  London;  copdes  27-28  for  C.D.  Board,  Australia; 
copies  29-30  for  A.M.G.O.  (CW)  India;  and  copy  31  for 
Mr.  R.  Klngan) 

Copy  32  -  Major  Carl  A.  Steldtmann,  c/o  U.S.  Military  Attache,  O.S.  Bsbassy, 
Ottawa,  Canada 

Copies  33-34  -  Foreign  Liaison  Office,  WDGS,  Washington,  D.C.  (For  trans¬ 
mission  to  Australian  Military  Misslcn,  Navy  Bldg., 
Washington,  D.  C.) 

Copies  35-38  -  Research  and  Development  Division,  X-Cml  C,  Edgewood 

Arsenal,  Md.  (Copies  36-37  for  Major  R.  A.  Klaahn,  Canadian 
Tech.  Representative;  coiy  38  for  Directorate  General  Medioal 
Services,  Dept,  of  Natlonad  Defense,  Ottawa,  Canada) 

Copy  39  -  Commanding  Officer,  Ansy  Industrial  Hygiene  Labocretory,  Klgewood 
Arsenal,  Md. 

Copies  40-43  -  CO,  Cml  C,  Tech.  Command,  Edgewood  Arsenal,  Md. 

Copy  44  -  Project  Coordination  Committee,  Edgewood  Arsenal,  M.  ATTKi  Med. 
Dlv.  Representative 

Copy  45  -  Naval  Dnlt,  Edgewood  ArMnal,  Md. 

Copy  46  -  Research  Branch,  Cml  C  School,  Edgewood  Arsenal,  Md. 

Copy  47  -  Edgewood  Proving  Ground,  Edgewood  Arsenal,  Md. 

Copy  48  -  Chamloal  Corps  Board,  Edgewood  Arsenal,  Md. 

Copy  49  -  Coanmndant,  AAF  School  of  Aviation  Medicine,  Randolph  Field,  Terns 
Copy  50  -  Hq.  Amy  Med.  Ospt.  Schools,  Brooks  Arty  Nsd.  Center,  Ft.  Sam 
Houston,  Texas 

Copy  51  -  Commanding  General,  Air  Matariel  Coeeeend,  Wright  Field,  Dayton, 
Ohio.  ATTHs  Aero  Medioal  Laboratory  (TSIAA) 

Cqy  52  -  Commanding  Officer,  Dugwey-Deeeret  CoSHend,  Tooele,  Utah 
Copy  53  -  Chief,  Med.  Res.  Lab.,  IXigway-Deserat  ganand,  Tooela,  Qtidt 
Copy  54  -  Post  Surgeem,  Huntsvills  Arsanal,  Ala.^^  *ea  A  Dev  Leboratoriea 
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Cop7  55  -  Post  Surgeon,  Pine  Bluff  Arsenal,  Ark. 

Cop7  56  -  Post  Surgeon,  Rockj  Mountain  Arsenal,  Denyer,  Colo. 

Co|^  57  -  Commanding  Officer,  Armored  Medical  tos.  lAb. ,  Fort  Knox,  Kentucky 
Copy  53  -  Commanding  Officer,  San  Jose  Project,  Box  1000,  AFO  897 
Copy  59  -  Naval  Medical  Research  Institute,  Bethesda,  Md.  ATtN:  Capt. 

E.  G.  Hakansson 

Copy  60  -  Dr.  P.  A.  Neal,  Ch.  Ind.  3yg.  Res.  Lab.,  O.S.P.H.S.,  Bethesda,  Md. 
Copy  61  -  Ccnmandlng  Officer,  Ca^p  Detrlck,  Md.  ATISi  Technical  Director 
Copy  62  -  Dr.  David  Barr,  Cornell  Onlv.  Ned.  Collate,  N.  I. 

Copy  63  -  Director,  University  of  Chicago  Toxicity  Lab.,  Chicago,  Ill. 

Copy  64  -  Dr.  McKeen  Cattail,  Coxnell  Dnlv.  Ned.  College,  M.  I. 
f  Copy  65  ~  Dr.  Alfred  Chanutln,  Oniv.  of  Virginia,  Charlottesville,  Va. 

Copy  66  -  Dr.  A.  McCMiee  Harvey,  Johns  Hopl^s  Hoepital,  Baltimore, 

Copy  67  -  Dr.  C.  P.  Bhoads,  Memorial  Hospital,  Hev  losk,  N.  I. 

r  Copy  68  -  Dr.  M.  C.  Vlntemlts,  310  Cedar  Street,  Bev  Haven,  Conn. 

Copy  69  -  Scientific  Director,  Medical  Division,  E.  A.,  Md. 

Copy  70  -  Chief,  Blo-analytloal  Branch,  Medical  Divleion,  E.  A.,  Md. 

Copy  7]  -  Chief,  Sanitary  Chemistry  Section.  Medical  Division,  E.  A.,  Md. 
Cojdes  72-BO  -  Information  Section,  Pled.  Div. ,  E.  A.,  PId.  (Copies  72>74  to 
Library) 
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